The Earth's pole coordinates, obtained from satellite laser ranging data of Lageos-1 and Lageos-2 are presented. The procedure, used models and algorithms are described. Results are compared with similar series from IERS database.
introduction
During the past 40 years the precision of Satellite Laser Ranging (SLR) has changed dramatically. Together with greater computational capabilities and better algorithms for data storage, searching, and analysis, the overall precision of the geodynamics and geodetic tasks was substantially improved. Among the methods substantially improved, the determination of the Earth' pole motion and irregularities of Earth' spin velocity are the central ones. The Lageos-1 (1976) and Lageos-2 (1992) satellites were launched specically to accomplish these tasks. These satellites are modelled as mathematical pointmass. They are spherically shaped, and their orbits were designed to diminish the inuence of dierent poorly-modelled accelerations, as to allow relatively eortless laser ranging. The processing of the observations allows the International Earth Rotation Service to create and distribute ocial time corrections and pole coordinate series for users worldwide. Such a result is not possible without extensive international collaboration and independent data analysis centres capable of creating independent solutions. These are the essential components of the work coordinated by IERS.
Since 1987, a data analysis centre of satellite laser ranging (SLR) has been in operation on a permanent basis at the Main Astronomical Observatory of NAS . The previously used software package KyivGeodynamics is outdated, as over the past ten years the IERS introduced signicant changes to their Standards [5] three times. That is why the new version of the code was created [8] the procedure of calculation
The algorithm of data processing is based upon the linearised Least Squares method. The observed distance between the satellite and the station ρ can be written as:
where r(t) is satellite position in International Celestial Reference Frame (ICRF), R is the station position in the International Terrestrial Reference Frame (ITRF), and M is the transformation matrix between ITRF and ICRF. Another vector Φ( X, t) is the vector function (in general case it is highly complicated with regards to the calculation) of the parameters X. Observation instruments (telescope, equipped with laser transmitter and receiver) allow us to observe the absolute value of, say ρ, the distance to the satellite. Having approximate values for X 0 the (1) can be linearised, and then
where x = X − X 0 are corrections to the parameters. A sucient number of observations will give us the possibility to determine a better estimation for X. The observational data is processed using a twostage procedure. During the rst stage the Kepler orbital elements of the satellite are estimated. This step is repeated until the standard deviation of the dierence observed minus calculated stops decreasing. During the second stage, the determined orbit is used to estimate the pole coordinates along with empirical acceleration of the satellite. The latter acceleration is widely used to compensate any forgotten accelerations of dierent origin not explicitly introduced in the satellite equation of motion.
The elementary processing unit is the arc. It comprises the observation of a single satellite on a 7-day interval (standard IERS value) together with a full set of vector X components derived from it.
All of the observations of Lageos-1 and Lageos-2 satellites for the year 2001 were processed for this article. There were approximately 75000 normal points in our database. There were 52 seven-day-long arcs: a end point of an arc served as the starting point for the next one.
Each arc was processed in two stages. During the rst stage only Keplerian orbital elements were estimated until the overall standard deviation of the observed minus calculated values stopped decreasing. This stage lasted 45 iterations. Following this, the estimation of the empirical acceleration (one value per day) and pole coordinates (two values per day) took place. Iterations continued until standard the deviation decreased to below 10 cm. The specied 10 cm value is sucient to estimate pole coordinates. In general, the overall process took 1215 iterations per arc. The observed minus calculated residuals were thoroughly analysed during the iterations, and their distribution was checked for normality. Rejection criteria was set to 3σ. Sometimes up to 30% of the observations were dropped.
New code strictly follows all recommendations from IERS Conventions 2010 [5] . All software modules were written from scratch and tested separately on articial examples before being introduced into productive code. Processing of the Lageos-1 and Lageos-2 data is the rst result from the release version code.
A brief outline of the models used is presented below. If not specied, the models from IERS Conventions were used. 
results
The X and Y pole coordinates were determined for every day of 2001 from the observations of a single satellite. The results are presented in Fig. 1 and Fig. 2 for Lageos-1 and Lageos-2. The standard deviation for the last iteration of each one-day arc does not exceed 10 cm for Lageos-1 and 7 cm for Lageos-2.
This result was compared with analogous data obtained in dierent international data analysis centres. All of these data are available online 1 . We used the series by the Center for Space Research, USA (crs), Delft University of Technology, Netherland (dut), Institute for Applied Astronomy, Russia (iaa) and standard ILRS solutions (ilrs) (see Fig. 3 ).
The method of comparison is based upon Helmert transform and described in [3] . On the rst stage, having two dierent sets of polar data, one can extract systematic dierences of these sets by applying a 6-parameter Helmert transform: 
where r is the vector containing two pole coordinates, where systematics error are described as rotations (a ij , i = j) scales (a ii ) and shifts (b k ). Following this, mutual standard deviations σ ij of series are obtained:
where M is the number of degrees of freedom, and the symbol * is used to signal the series without systematic errors. The own standard deviations of the series may be obtained if a sucient number of σ ij is obtained from the equation:
where ρ ij are the correlations of the corresponding series.
Varying solutions were used as a base for comparison. Three series were compared. The computed standard deviations are given in Table 1 where every cell contains the resulting value found by comparing our satellite solution (row name) and two centre names given as the column headings. The mean standard deviation of pole coordinates obtained from Lageos-1 observations is 3.10 × 10 −4 , and that obtained from Lageos-2 observations is 1.19 × 10 −3 .
All series of pole coordinates are present in Fig. 4 . Table 1 show two main points. Firstly, the precision of Lageos-1 based pole coordinates are nearly one order of magnitude better than the values from processing Lageos-2 data. The second point is that in any case both of the precisions agree with values produced by other data analysis centres. This result demonstrates the correct work of KG++ on 2 cm precision level and its applicability for the analysis of the SLR data with precision sucient for IERS tasks.
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